Studying the effects of the static and dynamic loads on structures is very essential, especially in zones where the structures are exposed to severe earthquakes. In the present study a finite element program is developed for static and dynamic analysis of reinforced concrete plane frames. The main concern is to study the effects of infilled panels on the behavior of this type of structure. One dimensional Beam-Column Elements are used to represent the frame members and Lumped Plasticity Model is used to model the nonlinearity of these elements. Modified Four-node isoparametric plane stress elements with 3-DOF per node, are used to represent infilled panels. Connection between infill element and frame is either assumed to be perfect or by linkage elements which allow separation between the two types of elements. Two programs are developed one for the static and the other for the dynamic analysis and the validity of the developed programs have been checked and the predicted results indicated a good agreement with the published experimental and theoretical results.
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Introduction
Reinforced concrete frame buildings often incorporate masonry infill panels as partitions to separate spaces within a building or as cladding to complete the building envelope. Quite often, limited works are done to take advantage of, or to recognize the shear strengthening effects of these panels. However, the properties and construction details of infilled panels can have a significant influence on the overall behavior of a structure. Despite the large amount of works and information that are available about the potential economy and efficiency of infilled frames, structural engineers are often neglecting the infills in the analysis of framed structures.
The complex interaction between the infill and surrounding structural frame was identified in earlier work conducted by Polyakov [1] . Some researchers have studied systems consisting of various combinations of frame and infill materials (Seah and Dawe) [2] . The contribution of masonry infilled panels to the lateral stiffness and strength of reinforced concrete frames has been documented in many research publications (Mehrabi and Shing) [3] . Plastic design principles were proposed by Wood [4] to estimate the ultimate lateral load resistance of infilled frames with modification, these methods may be used to determine the elastic and inelastic load responses of simple structures. The present paper deals with developing a finite element program that is capable of taking into consideration the nonlinear dynamic analysis of infill reinforced concrete plane frame taking into consideration the effects of interface between the frame elements and infilled elements.
Finite Element Idealization
In the present study, reinforced concrete infilled frame has been analyzed by using the finite element method to model the skeleton frame, the panels and the linkage elements that connect the panel element with the surrounding frame. The frame was modeled by a 2-noded frame element (beam-column), while the infill panel was modeled by 4-noded isoparamatric elements. The connection between these two types of elements is either perfect by assigning the same node number or by linkage elements as shown in Fig. (1).
2.1: Reinforced Concrete Frame Element
Two dimensional beam-column elements are used to model the frame members as shown in Fig.(1) . Each element has 2-nodes with (3DOF) (u, v, z ) at each node. Lumped plasticity is used to model the nonlinearity of this element, this is achieved by assuming that plastic hinges develop at the ends of the element. The extension of the analysis of reinforced concrete structures for inelastic dynamic response requires modeling the inelastic response of the reinforced concrete elements which includes nonlinear stress-strain relation of concrete, strain rate effect and concrete confinement effects. The inelastic behaviour of reinforced concrete beam-column element requires the simulation of the interaction between axial forces and bending moments. In the present study the effect of interaction between these forces is considered in developing the yield surface for each element. This yield function is based on a nonlinear stress stain relationship in the form of fourth order polynomial as proposed by Medland and Taylor [5] , which can be expressed as follows:
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Steel reinforcement (main reinforcement only) is assumed to behave as elastic or elastoplastic with strain hardening. 
…(2)
(E s ) is the modulus of elasticity of steel, (E st ) is the slope of the strain-hardening portion of steel stress-strain curve, (f y ) the yield stress and ( y ) is the yield strain. The following basic assumptions are made while analyzing any R/C section:
The stress-strain relations for concrete and steel are known and these are closely represented by the corresponding uniaxial stress-strain relations. These relations are also independent of the geometry of the member.
Tensile strength of concrete is negligible. The section which is plane before bending remains plane after bending. Perfect bond between steel and concrete. 17 Each member has a uniform rectangular cross-section throughout its length with symmetrical reinforcement. A yield surface for a reinforced concrete section subjected to simultaneous action of bending moment and axial force is evolved in the form [6, 7, and 8 ]. Where ( u m ) is the ultimate moment corresponding to the ultimate axial load ( u p ), while a1, a2, a3, and a4 are the polynomial constants to be determined by the least square method, (p 0 , m 0 ) is the nondimensional ultimate axial force and bending moment which both may be written as:
Where (M 0 ) is the uniaxal flexural strength of the cross section in the absences of axial load.
With the help of Eq.(3). The following equation defines the yield function:
The analysis starts by assuming an elastic behaviour, then the resulting end forces are checked against the yield surface. If the point lies on or outside the failure surface, a plastic hinge is assumed to develop at that point. Theory of plasticity has been used to calculate the inelastic deformation and elasto-plastic stiffness and unbalanced forces of the members. These unbalanced forces are then applied to the structure taking into account physical changes due to formation of plastic hinges. The stiffness matrix is modified after each new occurrence of plastic hinge(s) and it is assumed to remain unchanged until another hinge(s) is developed.
2.2: Brick masonry infill:
A 4-noded isoparametric element, shown in Fig. (2) is used to model the infill masonry panels, the material of the infill is a non-homogeneous material consisting of assemblage of bricks and mortar joints, each having different properties. The complexity of modeling the masonry wall is due to the mortar joints that act as planes of weakness due to their low tensile, shear and bond strengths. In the present study these planes of weakness are neglected, and the infill panels are considered as a homogeneous material.
a) Drilling degree stiffness matrix
To achieve compatibility in the degrees of freedom of the infilled elements (plane stress) and frame elements (beam-column), a drilling degree of freedom is added to the original plane stress elements as follows: The displacement and forces can be defined as:
Where { u }and { mi P }are deformations and forces corresponding to node (i) as shown in Fig(3) , the strain-displacement sub matrix for node (i) may be written as: Where ( e D ) is material property matrix based on the state of stress at the Gauss point. And (h) is the thickness of the element. |J| is determinate of the Jacobian matrix. The dimension of resulting stiffness matrix is (12*12) with the values in rows and columns corresponding to the drilling degrees of freedom ( zi ) are all zero. The following steps illustrate the adopted procedure which is used to calculate the stiffness coefficients related to the drilling degrees of freedom. A fictitious torsional spring along the local normal direction at each node is assumed.
The rotation of the normal and the mid surface displacement field are independent.
As shown in Fig.(3) the rotation of the mid surface is equal to y
The deviation of the torsional rotation of the normal from that of the surface is assumed to have the governing strain energy [10] :
Where ( t ) is known as torsional coefficient. The Eq(11) will play the role of penalty function results in the desired constraint at the Gauss points as: The strain energy ( t U ) can be expressed in terms of the stiffness that is related to the drilling degrees of freedom as:
... (13) By substituting Eq (12) in Eq(11) and using Eq(13) the torsional stiffness can be expressed as:
.. (14) where t =drilling coefficient. G=shear modulus h=thickness of the element The test of this element indicates that the addition of drilling stiffness will not degrade the behaviour of the system. The resulting drilling stiffness matrix is added to the original matrix of plane stress element determined in Eq. (10) . Failure criterion with a tension cut off as shown in Fig.(4) was adopted to predict cracking, in which the stiffness normal to crack is reduced to zero, but along the crack partial shear stiffness is maintained to take into account the partial force transfer due to interlocking between the two faces of the crack. (see Fig.(5) ). While in compression when equivalent strain attains crushing strain, the point is assumed to crush and the stiffness and all stresses at that point are reduced to zero.
2.3: Frame-Infill Interface Element:
The behavior of infilled frame depends upon the interaction between the infill and the frame. There can be separation, closing of gap and slipping between the frame and the infill. A two noded linkage element as shown in Fig.(1) was used to model this behavior between the frame and the panel elements with 3-DOF per nodes (u, v, z ). The stiffness matrix in local coordinates of the linkage element can be expressed as: This stiffness matrix is transformed to the global coordinates by using transformation process which will lead to the following explicit form of the stiffness matrix: 
3: Inelastic Analysis:
This adopted model depends on the concept of Plastic Hinges, which reflect the inelastic behavior of the frame element, where each frame element is represented by the elastic part and assuming that the inelastic action is lumped at both ends of the frame element as plastic hinges. For each frame element, depending on the dimensions of the cross section, its physical properties, amount of reinforcement and its location, an interaction diagram between axial forces and moments is determined; this diagram is considered as Yield Surface which represents the limit of the ultimate strength of the element. The behavior of each frame element is assumed to be elastic until the force exceeds the yield surface at one or both ends of the element. In this case, the plastic hinges are assumed to develop and that element enters the stage of plastic deformation. To maintain compatibility in the degrees of freedom of the infilled elements (plane stress) and frame elements (beam-column), a Drilling Degree of Freedom is added to the original plane stress elements. The nonlinear behavior of the plane stress element is checked at the four (2×2) Gauss points. Plastic model is adopted, which is based on a yield criterion and flow rule. Cracking and crushing are also checked [6] . Both Perfect Bond between infill and surrounded concrete frame is used when the frame is filled with solid concrete walls, and Linkage Elements i s used to con n ect th e weak i nfill ed elements (brick, masonry) and the surrounding concrete frame. Based on the developed forces in these elements, separation or slip between infill and frame is assumed to occur. Two computer programs have been developed using (Fortran-77). First one: for the elastic and inelastic static analysis of structures (plane stress problems, bare frames, frames with shear walls, frames with infilled panels). Increment-Iteration technique is adopted to predict the nonlinear response of the plane frame structures. The second program: for the elastic and inelastic dynamic analysis of structures (plane stress problems, bare frames, frames with shear walls, frames with infilled panels). A Direct Step-by-Step integration technique has been used in the dynamic analysis based on Newmark's Predictor-Corrector method [12, 13] method to solve the equation of motion of the structure. Convergence is assumed when the ratio of the norms of unbalanced load to the norms of the total load is within the permissible limits, and the converged tolerance is taken equal to (2%) [14] . 
4: Numerical Examples:
To check the validity of the developed models and to study the behavior of reinforced concrete frames infilled with masonry panels subjected to static and dynamic loads, three structures have been analyzed. Two of these structures are used to examine the validation of the modified plane stress element in the static and dynamic analysis, and the third one is infilled frame.
4.1: Single Beam Analysis:
A single beam having cross section (250mm*400mm) and (2400mm) simple span as shown in Fig.(6) is analyzed statically using SAP(2000) software, adopting six elements taking into consideration two different cases: ii. Using 4-noded (shell element) having six degrees of freedom per node and restraining the degrees of freedom ( , x , y). The physical and material properties and other details of the beam are also given in the same figure. The deformation from support to midspan predicted by using the developed model is compared with that obtained by using SAP(2000) in Fig.(7) . The plotted results are for the lower nodes. A good agreement is observed and needs no more comments.
4.2: Dynamic Analysis of Cantilever Beam:
Five modified plane stress elements are used to model the cantilever beam subjected to the load shown in Fig.(8) , which also shows another idealization by using single beamcolumn element as shown in Fig.(8-d) , the predicted results are compared with that from SAP2000. The analysis using SAP2000 is carried out using two different idealizations. In the first one by using 4-node plane stress elements (2DOF); while in the second case by using 4-node (6DOF) shell elements with restraining ( , x , y ) are used. The beam is analyzed under the suddenly applied point load which is vanished gradually within 10 msec. Fig.(9) shows comparison between the predicted vertical deflection at the free end (point-A) using the developed model of the present study (both elastic and inelastic analysis), with the elastic results predicted by SAP2000. The matching between the predicted results using present formulation of 4-node plane stress element or single beam-column element (elastic analysis) with that of SAP2000 is quite clear.
As can also be seen in Fig.(9-b ) that when the inelastic behaviour of the material is taken into consideration, this will cause a residual displacement and this can be attributed to the cumulative plastic deformation in the elements of the structure. 10) shows comparison of rotation z predicted by the developed model with that of SAP2000. The figure shows a good agreeable matching between the results of shell element with that of the developed plane stress element with drilling degree of freedom.
4.3: Reinforced Concrete Infilled Frame:
A single-story one bay reinforced concrete frame infilled with masonry wall, having the details shown in Fig.(11) is analyzed under static and dynamic loads. This frame has been tested by Choubey [15] under static point load applied as shown in the same figure, and analyzed under dynamic load by Singh et. al. [9] .
4.3.1: Inelastic Static Analysis:
The finite elements idealization of the structure is shown in Fig.(12) . The predicted load deflection curve is compared with that reported by Choubey [15] , and Singh et. al. [9] and shown in Fig (13) . The failure load (173.7kN), as predicted in the present study, is very close to the experimental one (175.38kN) [9] . The plastic hinges formation in the frame and crack pattern in the infill near failure load are shown in Fig.(14) . The matching of the predicted cracks and plastic hinges with the experimental one is quite clear. Fig.(13) also shows that by neglecting the interface between the frame and infilled wall, by assuming perfect bond between them, the response of the structure significantly deviates from the actual (experimental) results, and the predicted failure load is only (101. There is a significant difference between the elastic and inelastic response of the bare frame, especially after the ends of load application (free vibration stage), and that is due to the plastic deformation resulting from the formation of plastic hinges. Table  (1) shows the locations and stages of formation of plastic hinges in the frame. The maximum horizontal deflection of point (A) was (34.7mm) from elastic dynamic analysis, (37.9mm) from inelastic analysis, and (9.18mm) for infilled frame (inelastic analysis) and this indicates that the infill enhances the dynamic response of the frame. Table ( 2) shows the time at which these maximum displacements occur. No plastic hinges developed in the infilled frame. Some tension cracks developed in the panel and they are enclosed in the advanced stages.
No residual deflection occurred in the infilled frame at the end of load duration. 
